Laryngeal squamous cell carcinoma (LSCC) is one of the most common head and neck malignancies with a poor prognosis. The aim of this study was to detect the expression of microRNAs (miRNAs) in supraglottic LSCC and attached normal mucosa using microarray assay, and explore the role of miRNAs in supraglottic LSCC. Fresh-frozen samples of five supraglottic LSCC and attached normal mucosa were obtained, and their various endogenous miRNAs were screened by microarray. miRNAs of interest were confirmed by quantitative real-time polymerase chain reaction (qRT-PCR) in 48 supraglottic LSCC tumors and 10 normal mucosa tissues. In total, 38 miRNAs were differentially expressed in supraglottic LSCC, with 22 miRNAs being upregulated and 16 downregulated. Of the six miRNAs selected for qRT-PCR, miR-375, miR-139-3P, miR-1290 and miR-106b were differentially expressed in supraglottic LSCC with and without lymphatic metastasis.
Introduction
Laryngeal squamous cell carcinoma (LSCC) is one of the most common head and neck malignancies and has been reported to account for ~2.4% of all new malignancies worldwide each year (1) . The prognosis for LSCC has not shown any improvement in the last 30 years (2) , due to lymphatic metastasis. Additionally, the supraglottic type frequently undergoes lymphatic metastasis in LSCC. A better understanding of the molecular pathways that result in lymphatic metastasis of supraglottic LSCC is essential in the identification of novel molecular biomarkers which have clinical utility in predicting prognosis and therapeutic efficacy, as well as in designing targeted therapy for this disease.
MicroRNAs (miRNAs) are a class of short non-coding RNAs that modulate gene expression by targeting mRNAs and triggering either the repression of translation or RNA degradation (3) . Due to the partial complementarity between miRNAs and their target transcripts, a single miRNA is capable of simultaneously regulating hundreds of genes, and therefore carries a significant modulatory potential (4) . miRNAs are involved in tissue differentiation during both physiological and pathological processes (5) . Previous studies on different cancer types have identified the emergence of distinct miRNA expression profiles between tumor tissues and their corresponding normal tissues (6, 7) . Another study identified miRNA expression profiles capable of distinguishing the different tumor subtypes or developmental lineages (8) . Increasing data support the value of miRNA expression profiles as a novel biomarker in diagnosis, prognosis and as a new target in therapy.
In this study, the miRNA expression of normal laryngeal epithelia was compared with primary human supraglottic LSCC at advanced stage to define those miRNA that are most capable of differentiating disease, thus having the greatest potential as biomarkers and therapy targets.
Materials and methods
Tissue samples. Five pairs of tumor and adjacent normal epithelial tissues were obtained from supraglottic LSCC patients undergoing total laryngectomy in the Shengjing Hospital, China Medical University in January, 2012. Tissue samples were used for microarray analysis. Another 48 patients with supraglottic LSCC, who were treated at the Department of Otorhinolaryngology, Shengjing Hospital, China Medical University, from July, 2011 to November, 2012, were included for qRT-PCR. All the patients were diagnosed pathologically to be supraglottic LSCC and received no radiation and chemotherapy preoperatively. All the patients provided informed consent preoperatively. The study was approved by the ethics committee of the Shengjing Hospital of China Medical University. Ten patients underwent total laryngectomy and 38 underwent partial laryngectomy (except surgery by laser), 17 patients had while 31 did not have lymphatic metastasis. Samples were immediately snap-frozen in liquid nitrogen and stored at -80˚C. Mucosas, which were obtained from 10 patients with total laryngectomy and were >2.0 cm away from the tumor margin, were used as the control. The mucosas were histologically normal. TNM classification definitions were according to the UICC (2002).
RNA isolation. Total RNA was isolated from either 100 mg normal epithelia or 100 mg tumor using TRIzol reagent (Invitrogen, Paisley, UK) according to the manufacturer's instructions. Quality of isolated RNA was assessed on a 1% agarose gel based on the relative abundance of 18S and 28S subunits of ribosomal RNA. Isolated RNA was quantified using the Nanodrop ND-1000 spectrophotometer (Nanodrop, Wilmington, DE, USA), and stored at -80˚C briefly until use.
Microarray experiment. Total RNA (8 µg) from 5 patients (tumor and normal epithelial, respectively) was sent for miRNA profiling analysis. miRNA expression profiles were determined at Capital-Bio Corp. (Beijing, China) by using mammalian miRNA arrays (version 3.0), which were designed based on the miRBase release 10.0 and contained 924 probes from humans, mice and rats. The arrays were scanned using a LuxScan™ laser confocal scanner and the images obtained were analyzed using the LuxScan 3.0™ image analysis package (Capital-Bio Corp., Beijing, China). Raw signal data were normalized by first log 2 transformation of signal intensity followed by global variance stabilization normalization (9) of all the arrays within the project.
Quantitative real-time polymerase chain reaction (qRT-PCR).
SYBR Premix Ex Taq (Takara Bio, Dalian, China) was used to quantify mature miRNAs which were differentially expressed in the microarray experiment. cDNA was synthesized by priming with a pool of gene-specific looped primers (RiboBio Biotechnology, Guangzhou, China) including the primers of the miRNA of interest and U6, as an endogenous control. Total RNA (1 µg) was reverse transcribed using Takara Reverse Transcription kit (Takara Bio, Inc.) and specific primers for each reverse transcription (RT) reaction. qRT-PCRs were performed in triplicate with SYBR Premix Ex Taq (Takara Bio, Inc.) in 10 µl mixtures. qRT-PCRs were conducted by the two-step method on a LightCycler (Roche Diagnostics, Indianapolis, IN, USA). Data for qRT-PCR were analyzed using the comparative C T method, which was normalized against the expression of U6.
Statistical analysis. Differential expression of miRNAs by microarray was determined with the Significance Analysis of Microarray software (Stanford University Labs). A miRNA was determined as differentially expressed if its expression change was >2-fold, and it was identified as significantly changed with q≤5%. A two-tailed Student's t-test was used to compare miRNA expression levels determined by qRT-PCR between supraglottic LSCC tumors with and without lymphatic metastasis.
Results
In total, the expression of 38 miRNAs was significantly altered between normal laryngeal epithelial and supraglottic LSCC, with 22 being upregulated and 16 being downregulated in tumors (q≤5%) (Τable Ⅰ). All 38 miRNAs were human miRNAs. The expression pattern of the miRNAs listed in Table Ⅰ with >2-fold change is presented as a clustered heat map (Fig. 1) , showing a distinct cluster between normal and supraglottic LSCC samples. The most significant aberration was >9.5-fold upregulation of miR-1290 and >7.8-fold downregulation of miR-375.
To confirm the microarray results, Taqman qRT-PCR and normalized miRNA expression levels by snRNA U6 were used in 48 supraglottic LSCC patient samples. The three most up-or downregulated miRNAs were selected for further analysis using qRT-PCR. All the miRNAs tested were reliably confirmed, showing significant differential expression between tumor and mucosa. miR-375, miR-139-3P, miR-1290 and miR-106b showed significantly differential expression between patients with and without lymphatic metastasis (Table Ⅱ) .
Discussion
The global expression of miRNAs in head and neck squamous cell carcinoma (HNSCC) has recently been reported (10, 11) . However, HNSCC includes various subtypes, including nasopharyngeal, oropharyngeal, hypopharyngeal, laryngeal and tongue carcinomas. Each subtype is individually characterized in clinic, particularly with regard to metastasis and prognosis, indicating a potential difference in their miRNA expression. Supraglottic LSCC is the most common type of LSCC identified in northeast China (12) , and its relatively early lymphatic metastasis and poor prognosis distinguish it from other types of LSCC. To the best of our knowledge, this is the first study regarding miRNA expression profiles in supraglottic LSCC and adjacent normal mucosa. Microarray profiling of >900 miRNAs identified 38 miRNAs that were significantly differentially expressed in tumor tissues compared to normal mucosa, but were not all the same with HNSCC (10,11). Of the 38 miRNAs, 6 miRNAs were selected for in-depth examination of a larger population of fresh-frozen supraglottic LSCC and normal laryngeal epithelia mucosa by qRT-PCR. Of these 6 miRNAs, 4 had significantly different expression in tumors with and without lymphatic metastasis. Some of the miRNAs identified as differentially expressed in supraglottic LSCC compared to normal tissues have been characterized in other types of cancer. Overexpression of miR-375 in liver cancer cells decreased cell proliferation, clonogenicity, migration/invasion and induced G1 arrest and apoptosis (13) . Additionally, miR-375, which significantly inhibited cancer cell proliferation and invasion in maxillary sinus squamous cell carcinoma, was restored (14) . In a recent study, stage and distant metastases revealed differential expression of miR-139-3p in colorectal cancer (15) . In the present study, the most significantly downregulated miRNA was miR-375, being underexpressed by 7.8-fold compared with Table Ⅱ . Expression of some miRNAs detected by quantitative real-time polymerase chain reaction a . normal tissues, while tumor with lymphatic metastasis had a significantly lower expression compared with tumor without lymphatic metastasis. This result suggests miR-375 may depress the lymphatic metastasis of supraglottic LSCC, such as miR-139-3P. Upregulation of microRNA-1290 impaired cytokinesis and affected the reprogramming of colon cancer cells (16) . Overexpression of miR-106b promoted metastasis of hepatocellular carcinoma and correlated with higher tumor grade (17) . In the present study miR-106b and miR-1290 had a significantly higher expression in tumor with compared to without lymphatic metastasis, suggesting that interference of the two miRNAs might depress the lymphatic metastasis of supraglottic LSCC. However, although the expression of miR-1224 and miR-1269 were significantly different between tumor and mucosa, their expression showed no significant difference between tumors with and without lymphatic metastasis. This finding indicated that the two miRNAs did not affect metastasis of supraglottic LSCC.
Tumor (48 cases)
In conclusion, the global miRNA profiling of supraglottic LSCC and attached normal epithelia has demonstrated that ~38 miRNAs are dysregulated in this disease. miR-375 was most significantly downregulated. As supraglottic LSCC with lymphatic metastasis, miR-375, miR-139-3p, miR-1290 and miR-106b showed a significantly differential expression compared with tumors without lymphatic metastasis. Therefore, understanding of miRNA in supraglottic LSCC is crucial in the development of novel insights for the diagnosis and prognosis of this disease.
